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Abstract
In Experiments 1 and 2 we evaluated a pedometer-based intervention consisting of public
posting between two teams of students, with additional self-monitoring, goal setting, and
reinforcement components, to increase physical activity during school recess. In the absence of
self-monitoring, performance feedback alone did not increase physical activity levels above
those observed during baseline. Additionally, higher levels of physical activity were observed
when goal-setting was introduced, with the highest levels of activity observed when raffle tickets
could be earned for exceeding a specified step-total goal. In Experiment 3 we removed the team
component and evaluated similar intervention components across an entire class, as well as in
individual participants. Additionally, session duration was extended to encompass whole-day,
24-hr sessions. As with Experiments 1 and 2, the highest levels of physical activity were
observed when components of self-monitoring, public posting, goal setting, and feedback with
reward were applied concurrently.

iv

Overweight and Obesity
The number of people in the United States who are classified as overweight or obese has
been steadily increasing over the last few decades. Currently, the combined prevalence of
overweight and obesity in adults and children is estimated at 69% and 36%, respectively (Segal
et al., 2016). Additionally, childhood (i.e., ages 2 to 19) obesity has increased three-fold across
the United States since the 1980s, with adolescent prevalence having quadrupled in the same
time period. These increases are not homogenous in terms of geography or ethnicity across the
entire United States, as the greatest increases in overweight and obesity are observed in the
Southern and Midwestern United States, with prevalence rates highest amongst Black and
Hispanic minorities (Centers for Disease Control and Prevention [CDC], 2020). This rise in
childhood obesity is highly correlated with a concurrent rise in the childhood onset of chronic
health conditions such as diabetes and coronary heart disease (Segal et al., 2016). Additionally,
overweight and obese adults are at a substantially greater risk for developing other chronic health
complications such as, hypertension and certain types of cancer.
Due to the considerable health and financial consequences of an increasingly obese
population, combatting obesity is a problem of great social significance for which robust
behavioral assessments and interventions have not been adequately developed. Reversing the
current rise in overweight and obesity is important, as the average obese individual is not only at
a greater risk for developing chronic health complications, but an extra financial burden on
themselves and society. Overweight and obese individuals cost employers, taxpayers, and the
government roughly $73 billion per year in lost productivity and nearly twice that amount in
1

related medical expenses (Levi et al., 2014).
Overweight and obesity are defined by the World Health Organization (WHO) as having
body fat levels associated with increased health risk (WHO, 2020). Body fat levels, or adiposity,
are commonly expressed using Body Mass Index (BMI) values, which is the quotient of an
individual’s weight in kilograms to the square of their height in meters. For adults, an individual
with a BMI over 25, 30, and 40 is considered overweight, obese, and extremely obese (National
Institute of Diabetes and Digestive and Kidney Diseases [NIDDK], 2016). For perspective, an
adult male who is 5-foot-10 would be considered at the median BMI for healthy weight at 150 lb,
overweight at 175 lb and obese at 205 lb. For children, BMI is calculated using the same
formula, however BMI values for children are typically reported as percentile ranking specified
for age, gender, and expected growth milestones. BMI classifications vary with age to address
idiosyncratic differences between younger children and adults in terms of body fat changes with
age and mean differences in body fat percentages between sexes (CDC, 2020).
Obesity is primarily the function of two gross environmental factors: a diet in which daily
caloric intake consistently exceeds caloric expenditure and a generally sedentary lifestyle. Both
factors are behavioral in nature and are therefore controlled largely by prevailing environmental
contingencies and an individual’s learning history. That is, food consumption and physical
activity are classes of operant behavior resulting in a measurable change in the environment and
can, therefore, be assessed and intervened upon in a fashion similar to other problem behavior
(Cooper et al., 2020). Unfortunately, to date, few studies have investigated assessment strategies
to uncover functional relationships between an individual’s environment and physical activity
(c.f. Hustyi et al., 2012; Larson, Normand, Morley, & Hustyi, 2014; Larson et al., 2013; Larson,
Normand, Morley, & Miller, 2014).
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Physical Activity
A Note to Reader
Portions of the introduction, method, and discussion sections related to Experiments 1
and 2 in this manuscript include previously published materials. Specifically, data from these
experiments have been published in a behavior analytic, scholarly outlet.
Definition and Recommendations
Physical activity encompasses a wide variety of responses and is defined as any skeletal
muscle movement that results in energy expenditure (WHO, 2016). This definition includes a
variety of discrete responses, extending to continuous bouts of behavior. For example, discrete
instances of eye-blinking, slight finger flicks, and movements of the lips while speaking all meet
this definition, even though these responses result in infinitesimal amounts of energy
expenditure. Conversely, an individual running a marathon is engaging in gross motor
movement involving most of the body’s major muscle groups and will result in substantial
energy expenditure over the duration of that activity. The CDC (2020) recommends that
children ages 6-17 engage in 60 min of moderate-to-vigorous physical activity every day,
however, most do not (Levi et al., 2014; Troiano et al., 2008). These recommendations suggest
that adequate allocation to physical activity meeting these and other guidelines is necessary for a
healthy lifestyle, even in young children. Sixty min of moderate-to-vigorous physical activity
has been correlated in children taking 13,000 to 15,000 steps/day for boys and 11,000 to 12,000
steps/day for girls (Tudor-Locke et al., 2011). Additionally, step cadence has also been
correlated to specific activity intensity levels, where 60 min of moderate activity has been
3

associated with a cadence at or above 100 steps per min (Hayes & Van Camp, 2015; TudorLocke, Craig, Beets, et al., 2011; Tudor-Locke, Craig, Brown, et al., 2011).
Although most children in the United States do not meet the recommended 60-min of
daily MVPA, those who behave in ways that allow adherence to these guidelines or who
decrease sedentary activity minimize risk factors that lead to developing chronic health
conditions such as overweight and obesity, diabetes, heart disease, and certain types of cancer
(Reilly & Kelly, 2011). Increasing physical activity is also important given that that over 3
million people die each year from health complications directly resulting from insufficient
physical activity (WHO, 2016). Ideally, an obese individual seeking to reduce their BMI would
address both their energy intake (i.e., calories from food and drinks) and energy expenditure (i.e.,
calories lost from gross motor movement and other forms of physical activity). Additionally,
increasing physical activity alone can lead to improved health outcomes independent of weight
loss (Ross et al., 2000).
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Physical Activity Measurement
According to Sirard and Pate (2001) the most common measurement strategies reported
in the literature in the assessment of physical activity in children include indirect measures (e.g.,
self and proxy report, and product measures), measurement by mechanical devices such as
pedometers and accelerometers, and direct observation systems (e.g., the Observational Method
for Recording Physical Activity in Children; OSRAC). However, there has been a recent
increase in experimental assessment strategies reported in the behavior analytic literature that
have been used to identify functional relationships between variables that occasion and maintain
physical activity in young children (e.g., Hustyi et al., 2012). An overview, including the
benefits and limitations of each of these measurement strategies, as well as a discussion related
to the most appropriate clinical or research use of each strategy, will be discussed in detail.
Indirect Measures
Indirect measures of physical activity consist of subjective (e.g., self report) measures.
These methods are considered indirect assessments due to the fact that the experimenter or
clinician does not directly observe the occurrence of the behavior of interest or the behavior is
not recorded in real time by a device.
Subjective measures of physical activity are the most commonly reported physical
activity measure in the literature and include self-reported recalls (e.g., Pate et al., 2003), proxyreported recalls (e.g., Telford et al., 2004), interview-administered recalls (e.g., Sallis et al.,
1993), and activity diaries (e.g., Bouchard et al.,1983).
When using self-report measures in the assessment of children’s physical activity,
5

children are asked to recall information about the activity that they engaged in previously. For
example, children might be asked to recall prior engagement in moderate to vigorous physical
activity (MVPA; Corder et al., 2009), or activity type and duration (Sallis et al., 1996). The
period in which individuals are asked to recall activity information varies greatly across the
specific self-report instrument used, including one-day recall (Sallis et al., 1993; Trost et al.,
1999), and seven-day recall (Kowalski et al., 1997; Goran et al., 1997). The ubiquitous use of
self-report measures in physical activity assessment is not surprising given that they are
relatively inexpensive to administer and require minimal effort on the part of the investigator and
individual. However, there are several issues related to the reliability and validity of these
measures that should be considered.
Several studies have directly assessed the reliability and validity of self-report measures
in comparison to a variety of criterion measures including pedometer step totals (e.g., Weston et
al., 1997), accelerometer counts (e.g., Trost et al., 1999), direct observation (e.g., Baranowski et
al., 1984), and heart rate (e.g., Sallis et al., 1996). Although the data reported in these studies
suggest that the self-report instruments were moderately reliable, the validity of these measures
was shown to be vastly inconsistent and tended to demonstrate only a weak to moderate
correlation (i.e., Pearson product-moment correlation or percentage agreement) to the relevant
criterion measure. When direct observation was used as the criterion measure (e.g., Baranowski
et al., 1984), the percentage agreement to the self-report instrument was relatively high, however,
when the instrument was compared to an accelerometer, heart-rate monitor, or other objective
criterion measures, product moment correlations tended to vary substantially and were weak
overall (Sirard & Pate, 2001). However, validity between the criterion measure and self-report
tended to be more favorable when shorter recall durations were used (i.e., one-day recall versus
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seven-day recall), and when participants consisted of older children (i.e., >10 years of age).
Given the relationship between the validity of these self-report instruments and age, proxyreported recalls are typically recommended for children under that age of 10 (Kohl et al., 2000;
Sirard & Pate, 2001). Proxy-reported recalls, or more simply, proxy reports, are similar to selfreport measures and often employ the same questionnaires or instruments. However this form of
assessment relies on the verbal reports of other individuals (e.g., parents or school teachers)
regarding a focal individual and not the reports of the focal individual themselves.
Given the discussion above, self-report measures have limited value to a behavioral
analysis of physical activity, given that they by definition, do not involve any direct observation
of the behavior of interest. This is a notable limitation given that this lack of direct observation
results in an importation omission of reliable qualitative and quantitative descriptions about
environment-behavior relations relevant to an instance or bout of physical activity. One
suggestion offered by Baranowksi et al. (1984) and Sallis (1991) to address these limitations is
through the use of objective, mechanical recording devices or through the use of a direct
observation system developed to assess physical activity, when possible.
Mechanical Recording
Mechanical recording of physical activity typically has the advantage of producing
information on the behavior as it occurs. Therefore, unlike self-report measures, these devices,
in effect, “count” instances of activity in various ways depending on the specific device used or
quantify energy expenditure in some other objective manner. These methods overcome many of
the limitations of subjective measures of physical activity, however there are noteworthy
limitations when using one of these measurement strategies. Mechanical measures of physical
activity, which include accelerometers (i.e., activity “counts” as measured by a tri-axial sensor)
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and pedometers (i.e., step counts as measured by hip displacement), are considered objective
measures of physical activity and have been evaluated for research and clinical applications in
children (De Vries et al., 2009; Kilanowski et al., 1999; McNamara et al., 2010; Oliver et al.,
2007) and adults (Schneider et al., 2003, 2004).
Pedometers
Pedometers quantify physical activity by measuring instances of hip-displacement as a
measure of step totals. Most pedometers have some form of a small, suspended lever arm that
deflects with each step. That is, each instance of hip displacement moves this lever, typically up
and down, resulting in a single step count (De Vries et al., 2009). The summation or
accumulations of these counts are typically displayed on the device (e.g., on an LCD screen) as
feedback to the wearer. This relatively simple dependent measure makes pedometers sensitive to
subtle changes in activity level involving steps. For example, Hustyi et al. (2011) evaluated a
package intervention consisting of goal setting and feedback to increase activity levels in
preschool-age children in an ABAB reversal design. In addition to a direct observation system,
pedometer step totals were used as a primary dependent measure in assessing participant activity
across school recesses. For one participant, pedometer totals varied systematically when the
package intervention was in place, with higher session step totals obtained when the intervention
was in place compared to baseline.
Pedometers have been shown to have high criterion validity, showing moderate to strong
correlations when compared to criterion measures of physical activity, including direct
observation (Kilanowski et al., 1999) and estimations of total energy expenditure (TEE) such as
doubly labelled water (Ramirez-Marrero et al., 2005). Doubly labelled water, which is a dose of
“heavy” isotopes of hydrogen (2H) and oxygen (18O), measures energy expenditure by

8

calculating the difference in the rate of loss of 2H and 18O in saliva, blood, or urine over time.
This difference is used to determine a accurate measure of carbon-dioxide (CO2) production,
which can then be used to precisely calculate energy expenditure (Westerterp, 2017). Although
originally designed to measure walking behavior, pedometers have been shown to be accurate in
assessing moderate to fast movements (e.g., jogging and running) as well (Duncan et al., 2007).
The ability to accurately measure a variety of intensities and topographies of translocation is
important, especially when activity recommendations are typically based on moderate-tovigorous intensity activities, which does not include casual walking.
Although pedometers are an objective measure of physical activity, they are unable to
accurately provide “counts” for activity that does not result in hip displacement. Activities such
as bike riding, rope climbing, weight lifting, and swimming do not always involve translocation
in such a way that the device was designed to detect (e.g., walking and running in the case of a
pedometer) resulting in measurement error. Additionally, information about activity intensity,
which is important when comparing an individual’s activity level to established activity
guidelines is lost when using step counts alone. A pedometer only measures instances of hip
displacement via a mechanical lever, and therefore the device would count a walking step and a
running step as one in the same, when these topographies vary greatly in intensity. To highlight
this point, consider two identical individuals transversing a fixed distance of 100 m. One of
these individuals walks the 100 m and the other runs the 100 m. Due to differences in stride
length between these two topographies of movement, the individual who runs the 100 m distance
will do so in fewer steps (Hustyi et al., 2011). If one were to compare the pedometer records of
these two individuals, it would appear that the individual who walked was more active, when this
is obviously not the case. This problem can be solved somewhat when a rate measure is used. In
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the example, the runner might have fewer steps compared to the walker but would have a higher
rate of steps. However, a rate measure is not possible unless someone times the exercise session.
When pedometers are used to record steps on a daily basis, rate data are not possible.
This issue of pedometers potentially underestimating certain activities has implications
for interventions that use pedometer totals as a primary dependent measure as well. If a child’s
step totals were assessed in baseline, where they tended to mostly walk, and continued to be
assessed during an intervention that aimed to increase the intensity of the activity from walking
to running, only a small intervention effect might be observed. If this child is now running more
during intervention sessions, their overall step totals per session might be comparable to or even
fewer when compared to baseline even though their actual activity level has increased. As
stated, the use of a rate measure could address this problem if sessions are timed. Additionally,
pedometers cannot provide a wearer or observer with information about potentially relevant
environmental variables related to the steps totals recorded by the device (e.g., the context or
social interactions accompanying the activity). Information regarding these variables could
provide useful information related to specific environmental stimuli and events that are
associated with physical activity, or conversely stimuli or events associated with sedentary
behavior. If certain environmental variables are shown to occasion higher levels of activity,
those variables could be altered in ways that promote higher levels of physical activity in an
individual. The assessment and manipulation of these contextual variables will be discussed in
greater detail below in the discussion of direct observation systems and experimental analyses.
Accelerometers
Accelerometers are worn in a similar fashion as pedometers, however these devices
measure bodily movement along one (i.e., uni-axial) to three (i.e., tri-axial) ordinal planes,
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allowing caloric burn estimations and activity intensity data to be derived. Some accelerometers
(e.g., the FitbitTM activity tracker) also have a pedometer feature, however step totals are not
typically reported when using accelerometry. Unlike a pedometer, which relies on the deflection
of a small lever to produce step counts, accelerometers use some variation of a piezoelectric
sensor (i.e., a strain gauge) that measures bodily acceleration through the inflection of a thin,
calibrated strip of metal (Sirard & Pate, 2001). This information from this sensor is translated
into activity “counts,” per unit of time, which is the typical unit reported in accelerometry
research. When used with children, counts are usually assessed in 30-s intervals in order to be
sensitive to more sporadic activity that is often indicative of children’s play (Treuth et al., 2004).
More vigorous activities such as running and climbing will produce higher counts per unit of
time when compared to less vigorous activities such as walking, or sedentary activities such as
sitting. These counts are then compared to established activity intensity thresholds (i.e.,
sedentary, light, moderate, and vigorous activity) data for a specific demographic (e.g., adult
men). That is, if the threshold for moderate activity is 1500-2600 counts per 30-s interval, the
amount of time an individual spent engaging in moderate activity could be estimated or
measured over a larger period of time (e.g., the entire day) by summing the amount of intervals
within this threshold range. Although activity intensity thresholds are well established for adult
populations, there has been relatively little research in establishing these thresholds in children
(Puyau et al., 2002).
Accelerometers provide several benefits over pedometers alone. Accelerometers are
sensitive to activity intensity, which allows for better energy expenditure estimations to be
obtained. Additionally, due to the fact that accelerometer counts are derived per unit of time,
data on bout frequency and the duration of activity within various intensities can also be obtained
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(Warren et al., 2010). Accelerometers also fair better in terms of validity and reliability than
pedometers when compared to criterion measures of physical activity, such as direct observation
(Welk et al., 1998) and the rate of oxygen consumption (VO2) in the body (Eston et al., 1998).
However, there are some noteworthy limitations in the use of accelerometry. First, a review of
research related to recommended MVPA thresholds or “cut-offs” in children found that there has
been little agreement across studies in what constitutes an acceptable threshold range for activity
that constitutes MVPA in children. (Kim et al., 2012). This problem is compounded by the fact
that many of these threshold ranges are not established under similar conditions across studies
and discrepancies between thresholds established under “free-living” conditions, and thresholds
established under more controlled laboratory settings (e.g., calibration using a treadmill) have
been shown (Oliver et al., 2009; Sirard et al., 2005). A second limitation is related to the period
of time or epoch length used to calculate accelerometer counts. Several studies have suggested
that the estimation of a child’s physical activity can change as a function of the unit of time used
in the activity count calculation (e.g., 30 s. 1 min, etc.), a variable that should conceivably be
independent of any activity measured by the device (Oliver et al., 2009; Reilly et al., 2008).
Third, when compared to pedometers, accelerometers are substantially more expensive. The
Yamax© DigiwalkerTM (Model: DW-700), a pedometer that has been shown to be highly
accurate and reliable costs approximately $25, while an accelerometer commonly reported in the
literature, the Actigraph (Model: WGT3X-BT) accelerometer, costs approximately $225. There
are consumer level accelerometers (e.g., FitbitTM), however these are still substantially more
expensive, costing approximately $100 to $200. Additionally, these consumer-level devices
have not been thoroughly validated. Finally, as more and more accelerometer models have
become available, there are issues related to inter-device comparisons and equivalency.
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Although most accelerometers provide activity count data, proprietary data processing and
interpretation of the raw accelerometer data has led to need for standardization procedures to be
developed in order to allow meaningful comparisons between these devices (Welk et al., 2012).
Additionally, Welk et al. (2019) reported that only 22% of the published validation studies of
consumer activity monitors employed some form of equivalence testing, which is the
recommended comparison statistic for these data. However, consumer level accelerometers such
as the FitbitTM Zip have been shown to be a reliable measure of steps per minute (SPM) during
both structured and unstructured recess activities in children (Van Camp & Hayes, 2017).
Direct Observation
Direct observation is considered by some to be the gold standard in physical activity
measurement (Sirard & Pate, 2001) and several direct observation systems have been developed
in an effort to identify social (e.g., the social compesition of a group or the presence of peers)
and contextual variables (e.g., the specific location of the activity or items interacted with during
the activity) resulting in more comprehensive analysis regarding the context in which the activity
occurs. These direct observation systems include the Children’s Activity Rating Scale (CARS:
Puhl et al., 1990), the Modified Fargo Activity Timesampling Survey (FATS; Bailey et al.,
1995), Behaviors of Eating and Activity for Children’s Health Evaluation System (BEACHES;
McKenzie et al., 1991), the System for Observing fitness Instruction Time (SOFIT; Rowe et al.,
1997), and the Observational System for Recording Physical Activity in Children, Preschool
Version (OSRAC-P; Brown et al., 2006). All of these systems employ various momentary timesampling, or discontinuous partial-interval recording strategies that allow an observer to collect
information on both activity intensity and various relevant environmental variables related to that
activity. For example, the OSRAC-P system, uses a 5-s observe, 25-s record, discontinuous
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partial-interval (or time sample) recording system, where activity is broken down into five
discrete categories of activity level, with activity level 1 corresponding to sedentary activity (i.e.,
no trunk or gross motor movement) and activity level 5 corresponding to fast movements such as
running. Additionally, information related to various environmental variables (e.g., group
composition, activity type, activity context, activity initiation) is also scored during this record
period based on the 5-s observation.
Typically, the data obtained through the use of these systems allows for correlations to be
drawn between activity level and other environmental variables. For example, Brown et al.
(2009) used the OSRAC-P system to identify environmental contexts that were predictors of
both sedentary behavior as well as MVPA. The authors found that during recess, children were
most active when engaged with open space, followed by outdoor toys and fixed equipment (i.e.,
a jungle gym). However, the authors also noted that the vast majority of children observed were
mostly sedentary during recess observations and throughout the rest of the school day.
Although direct observation systems can provide a greater descriptive account of an
individual’s physical activity, these systems are limited in that they do not involve experimental
manipulation. Because of this, functional relationships between activity contexts and the
occurrence of physical activity cannot be identified. However, the information obtained using
these systems can provide a useful starting point in the development of function-based
assessments based on the correlations described by these systems. Direct observation systems
are also cumbersome in that they require a dedicated observer for each individual being assessed,
which can impose greater human and financial resources compared other assessment strategies.
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Function-Based and Experimental Assessments
Several studies have investigated assessment strategies that identify functional
relationships between an individual’s environment and physical activity (Hustyi et al., 2012;
Larson, Normand, Morley, & Hustyi, 2014; Larson et al., 2013; Larson, Normand, Morley, &
Miller, 2014) using both AB and ABC functional analysis approaches. In these studies,
participants were systematically exposed to various activity contexts, group compositions and/or
social consequences according to a mulitelement design. Additionally, the data collection
strategy used to assess MVPA during sessions was adapted from the OSRAC-P activity codes.
More specifically, MVPA was scored using a 1-s continuous interval recording procedure, which
yielded a session percentage for MVPA for each participant. MVPA was defined as participants
engaging in topographies of activity that were classified by the OSRAC-P system as activity
codes 4 and 5. MPVA was not scored if participants engaged in activity codes 1, 2, or 3, as these
were not topographies of behavior classified as MVPA by the OSRAC-P system.
Hustyi et al. (2012) described an experimental analysis, which was an extension of the
descriptive analyses of physical activity that were mentioned above, by controlling specific
antecedent conditions (i.e., an AB functional analysis). To accomplish this, participants were
systematically exposed to three outdoor activity contexts that alternated with a control condition
in a multielement design. Brown et al. (2009) reported that open space, followed by outdoor
toys and fixed equipment, were the activity contexts most correlated with MVPA, therefor the
test conditions evaluated in this study were based on analogues to those activity contexts. In this
arrangement, differentiated levels of MVPA across test conditions were observed for most
participants. More importantly, the data from the naturalistic baseline observations in Hustyi et
al. and other function-based evaluations of physical activity (cf. Larson, Normand, Morley, &
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Hustyi, 2014; Larson et al., 2013; Larson, Normand, Morley, & Miller, 2014) suggest that when
no contingencies for activity context are in place, participants engaged in substantially lower
levels of MVPA when compared to MVPA in specific outdoor activity contexts. These
experimental findings support the descriptive findings described by Brown et al. (2009).
A notable limitation of the Hustyi et al. (2012) study was related to the ecological validity
of the assessment itself. Typically, during a school recess, children are able to play individually,
with a peer, or a group of peers. However, in the Hustyi et al. study participant activity was
assessed while the participant was alone in the various contexts tested and not when any peers
were present. In order to account for this limitation, Larson et al. (2014) conducted a similar
assessment, while systematically manipulating the group composition across conditions as well.
Each participant was exposed to the same experimental conditions, however in addition to the
solitary composition that was used in the Hustyi et al. study, participants were exposed to the
same conditions with one peer present (i.e., a one-to-one composition) and with three other peers
present (i.e., a group composition). Larson et al. found that children were most active when
engaged with fixed equipment, followed by outdoor toys, and open space. The additional
composition analysis found that children were also more active when at least one peer was
present. Not only do these data provide information about the influence of social variables on
physical activity, but these data also contrast with some of the descriptive findings of Brown et
al. (2009). Brown and colleagues reported that children were most active when alone (i.e.,
solitary) on the playground, which was not supported by the results of the Larson et al. study,
given that children were most active in the one-to-one and group compositions.
One variable that might influence a child’s activity level is social consequences delivered
by adults during outdoor play. Hustyi et al. (2012) and Larson, Normand, Morley and Hustyi
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(2014) only arranged specific antecedent conditions (i.e., activity context and group composition,
respectively) and did not program consequences for activity. Larson et al. (2013) and Larson,
Normand, Morley, and Miller (2014) evaluated the influence of several social consequences on
MVPA. Specifically, Larson and colleagues exposed participants to three experimental
conditions and a control condition. In the Attention condition, specific praise (e.g., “I love the
way you are running! Keep it up!”) was delivered to the participant contingent on the occurrence
of MVPA. In the Interactive Play condition, specific praise and engagement (e.g., the
experimenter engaged in climbing when the participant was climbing) with the child was made
contingent on the occurrence of MVPA. The Alone condition was used to test for the sensitivity
of MVPA to automatic reinforcement. In the Escape condition, the sensitivity of MVPA to a
negative reinforcement contingency in the form of escape from non-play activities (e.g., cleaning
up toys) was evaluated. Finally, the Control condition served to control for the potential sources
of reinforcement found in the other conditions (i.e., experimenter presence, attention, and
interaction).
Larson, Normand, Morley, and Miller (2014) addressed a specific limitation related to the
Interactive Play condition described in Larson et al. (2013). Specifically in the latter study, a
confound between the Attention and Interactive Play conditions was identified. In both
conditions attention was delivered contingent on the occurrence of MVPA, with the addition of
the engagement described above. This resulted in the inability to evaluate the effect of that
engagement absent the concurrent delivery of contingent attention. To address this limitation,
Larson, Normand, Morley, and Miller (2014) programmed the delivery of attention in the
Interactive Play condition according to a fixed-time (FT) 30-s schedule. Results across both
studies yielded similar results in that for most participants, the highest levels of MVPA were
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observed in the Interactive Play condition, followed by the Attention condition. These data
suggest that relevant care providers (e.g., parents and teachers) could be trained to deliver
contingent engagement and/or attention to a focal child as a means of increasing physical activity
levels on the playground.
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Pedometer Intervention Studies
As described above, pedometers have some limitations when it comes to assessing the
topography and intensity of physical activity. However, their ability to produce an objective and
reliable measure of physical activity make their use amenable to activity assessment and
intervention. Specifically, pedometers allow a researcher to obtain a measure of the wearer’s
activity, and step totals during a given intervention can be compared to step totals during a
previous baseline or other pre-treatment conditions. Although pedometer records cannot provide
information as to the specific topography, intensity, or duration of specific bouts of activity, the
resulting step total data can be analyzed and depicted to demonstrate meaningful behavior
change.
Pedometer-based intervention studies have been conducted targeting, children, adults,
older adults, or a combination of these age groups and have evaluated a variety of intervention
strategies using steps as the primary dependent measure. Some common intervention
components that have been evaluated include setting a 10,000 step per day goal (Araiza et al.,
2006), activity journals or logs (Jackson et al., 2006), individualized goals, (Haines et al., 2007),
inter-dependent goal setting (Kuhl et al., 2015), peer competition (Galbraith & Normand, 2017;
Zerger et al., 2017) or a combination of components (e.g., self-monitoring, public posting,
performance feedback) delivered in a packaged intervention (Hardman et al., 2011; Normand,
2008; VanWormer, 2004; Zerger et al., 2017).
In a meta-analysis, Kang et al. (2009) reported that the 10,000 steps per day strategy was
associated with the largest effect size of the intervention strategies reviewed, followed by studies
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evaluating the use of individual step total goals. It should be noted that Tudor-Locke and Myers
(2001) suggested that individuals targeted for pedometer interventions typically engage in low
levels of physical activity, making a 10,000 step goal exceedingly difficult to attain. A large
proportion of the strategies analyzed by Kang et al. were classified as “other” which indicated
that there were multiple intervention components evaluated concurrently, or differed
substantially from the strategies listed above. Studies which evaluated the use of an activity log
or step journal were consistently associated with the smallest effect sizes of the strategies
evaluated. In a similar analysis, Lubans et al. (2009) reviewed a series of studies specifically
focused on pedometer interventions in children and adolescents. The studies included in this
review were categorized as open-loop feedback studies, self-monitoring and goal-setting studies,
and physical activity curriculum integration studies. Although the authors suggest that the small
amount of literature published on this topic is a large limitation from a data analysis standpoint,
Lubans et al. found that 12 of the 14 demonstrated significant increases in physical activity.
Given this, there were some notable points to be taken from these data. First, pedometer
feedback (i.e., the ability to engage in self-monitoring of the pedometer) as a sole intervention
component was not found to be sufficient in increasing overall physical activity. Second, goal
setting was less effective in older adolescent populations than younger children. Finally, all of
the studies reviewed that explicitly categorized participants according to baseline activity levels
(n=4) demonstrated minimal or no effect in individuals who already engaged in recommended
levels of physical activity.
Most of the studies described above employed some form of a between-subjects
experimental design, necessitating the use of statistical analyses of the data. Although useful in
conveying differences in performance between groups, these studies typically do not demonstrate
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a replication of treatment effects (e.g., pre- versus post-intervention comparison) and information
or interpretations regarding individual performance is typically not available from the data
published in these studies. Recently, a series of studies employing within-subject experimental
designs has been reported in the behavior analytic literature that provides additional information
regarding individual and group performance as it relates to some of the intervention components
described above (cf. Kang et al., 2009). Most primary schools provide at least some
opportunities for children to engage in physical activity during the school day through
programmed recesses, lunch periods, and physical education (PE) curriculum. Given this,
researchers have evaluated intervention components that focus on one or more of these periods
of the school day as the context targeted for intervention.
Hustyi et al. (2011) evaluated a package intervention consisting of goal setting, feedback,
and reinforcement in increasing children’s physical activity during school recess. Additionally,
as part of the data analysis (i.e., an ABAB reversal design) in this study, for each session
participant physical activity was assessed via pedometer (i.e., step totals) and the OSRAC direct
observation system. The use of these two measurement systems allowed associations between
the two measures to be described. During baseline sessions, the two participants wore masked
pedometers to eliminate feedback from the device and no performance goals were set. During
Goal Setting and Feedback phases, a step-total goal was set using percentile schedules of
reinforcement (cf. Galbicka, 1994). If a participant met or exceeded their step total goal for a
given session, they were able to choose a prize from a treasure box following each intervention
session. Additionally, experimenters would provide within-session feedback in the form of
reading the participant’s step total aloud at the half-way point of the recess (i.e., 10 min) and
providing a descriptive statement related to their current step total related to their session goal.
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Participants were permitted to open and view pedometer step total display at any time, however
this check-in was implemented to ensure that each participant received feedback at least once per
session. The application of the package intervention resulted in increased activity levels (i.e.,
increased step totals and increased average activity level) in one participant, with a lack of
treatment effect in the second. Additionally, there was a high degree of correspondence between
the step total data collected via pedometer and the mean OSRAC activity level data scored via
direct observation, suggesting that either assessment methods could be employed in the
assessment of physical activity in children.
Hayes and Van Camp (2015) described an extension of the package intervention
evaluated by Hustyi et al. (2011) with a larger set of participants, six versus two. Although the
package intervention described by Hayes and Van Camp contained similar feedback, goalsetting,
and reward components, there were some notable differences. First, one limitation described by
Hustyi et al. was the lack of an assessment of reinforcer preference in determining the prizes
available for meeting step total goals during intervention. Hayes and Van Camp addressed this
potential motivational variable by selecting reinforcers for each participant based on the results
of a multiple-stimulus-with-out replacement (MSWO) assessment (cf. DeLeon & Iwata, 1996).
Second, in Hustyi et al. goals were communicated verbally before the beginning of each session
and via a sticker placed on each participant’s pedometer. Hayes and Van Camp provided step
totals to each participant via a piece of paper with their current goal, as well as their step totals
for the four previous sessions for comparison. Third, goals were initially set at 10% above
baseline performance, with the goal being increased to 20% above baseline if the 10% goal was
met across two consecutive sessions. During the second intervention phase, 20%, 30% and 40%
goals were set concurrently and based on the performance observed in preceding baseline phase.
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Participants were able to earn up to three prizes during this session, once for exceeding each goal
threshold. It should also be noted that this second intervention phase consisted of only one
session. For all six participants, the highest step totals were observed with the package
intervention in place when compared to baseline performance. Additionally, given the minuteby-minute analysis available from the Fitbit,TM step data were also analyzed as the average
percentage of sessions meeting the MVPA criteria (i.e., >99 steps per minute). For five of the
six participants, the average percentage of sessions that exceeded 99 steps per minute was
highest when the intervention components were applied.
Zerger et al. (2017) evaluated intervention in a classroom consisting of 16 students ages
9 to 12. All sessions took place during the classroom’s recess period and the primary measure
was the average steps per minute of the class. A package intervention consisting of feedback,
self-monitoring, and peer competition was evaluated according to an ABAB within-subjects
experimental design. During baseline, all participants wore masked pedometers and were
instructed to play during their recess as they normally would. Using the baseline data,
participants were paired according to their baseline performance. Specifically, the participant
with the highest average steps during baseline performance was paired with the participant with
the lowest average steps during baseline, the second highest with the second lowest, and so on.
Each team recorded their combined session step totals in an activity log following each session.
Additionally, prior to each session a histogram depicting the performance of all teams from the
previous session was presented to the class with the top three teams receiving an accolade from
the researcher. When these intervention components were applied according the ABAB design,
a substantial increase in average step totals were observed over baseline levels.
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Zerger et al. (2017) reported the class average steps per minute as the primary dependent
measure. A rate measure was required due to the variability in session length. Although the
class data were primary data of interest to the original research question, a complete withinsubject data set was obtained for all individual participants in both studies as well. This allowed
Zerger et al. to make statements regarding responders and non-responders to the interventions
described in their respective studies. These data, or at least the availability of such time-series
data and analyses could be used in future studies to identify low-activity participants that do not
demonstrate sensitivity to these or similar intervention components. This would allow these
intervention components to be fine-tuned to the individual participants, which might result in
greater treatment effects in these individuals.
The above studies describe session-based interventions aiming to increase children’s
physical activity, however Kuhl et al. (2015) recently evaluated individual versus cumulative
classroom goals across whole-day, 24-hr session in an ABACX reversal design, where the
intervention order was counterbalanced across two classrooms and the X condition being the
phase that resulted in the highest average number of steps per day. During baseline conditions,
30 participants across two classrooms wore masked pedometers to make self-monitoring of their
steps unavailable. During the Classroom Cumulative Total goal setting phases, the preceding
baseline performance was averaged across each class and increased by 1500 steps. In this phase,
a reinforcer was provided when the classroom met the cumulative total goal. During the
Individual Goal phases, the preceding baseline performance was averaged for each individual
participant and increased by 1500 steps. In this phase, an extended recess could be earned on
Fridays if individual goals were met each day of the week for 80% of participants. For both
classrooms, the Individual Goal phases resulted in the highest average steps per day. These
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increases were also maintained when feedback was faded to twice per week, as well as when
feedback was further faded to once per week. In addition to the goal setting procedures
described above, participants were able to self-monitor in all conditions except baseline through
the viewing of the pedometer display, and through the completion of a daily activity diary.
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Public Posting and Peer Competition
One strategy that has been used to increase performance across a wide-range of behavior
is public posting. This form of feedback occurs when the performance of individuals or groups
is made available to the targeted individuals as well as others. For example, the performance on
some skill of an individual or small group of athletes is publicly displayed where it can be
accessed by other players and the coaching staff. Public posting is typically used in conjunction
with other behavior change strategies (e.g., goal setting and oral feedback). Interventions using
public posting have been used to influence a wide range of behavior, including increasing energy
conservation (Dixon et al., 2015), improving academic performance (Thorpe & Darch, 1979;
Van Houten et al., 1975; Van Houten & Nau, 1980) and decreasing disruptive classroom
behavior (Barrish et al., 1969; Wright & McCurdy, 2011). Additionally, public posting has been
used to improve various aspects of sports and physical activity performance, including
improving soccer skills (Brobst & Ward, 2002), increasing attendance and work output in
competitive swimmers (McKenzie & Rushall, 1974), improving collegiate football skills (Smith
& Ward, 2006), and decreasing inappropriate on-court behavior (e.g., throwing a racquet) in
collegiate tennis players (Galvan & Ward, 1998). As an illustrative example, Brobst and Ward
(2002) placed a “performance chart” beside the practice field in an area frequented by players
and staff depicting the percentage of appropriate movements for three target behaviors (i.e.,
movement with ball, movement during restarts, and movement after passing), for three female
soccer players. Although public posting has been shown to improve performance when used as a
component of a package intervention, most of the applications listed above, and especially those
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related to physical activity, have evaluated these interventions with small groups of individuals
rather than larger groups, such as an entire classroom. Given the general need to increase
activity during recess, a strategy that would allow the performance of an entire classroom to be
targeted may be preferred over individualized assessment and intervention.
Many early classroom-based behavioral interventions targeting disruptive classroom
behavior relied on the delivery of social reinforcement, typically in the form of teacher attention
(Hall, Lund, & Jackson, 1968; Zimmerman & Zimmerman, 1962) or token reinforcers (Wolf,
Giles, & Hall, 1968). However, in some instances (e.g., Hall et al., 1968) teacher attention was
not effective in increasing appropriate behavior to reduce disruptive behavior. In light of this,
Barrish et al. (1969) evaluated a classroom-based intervention that relied on reinforcers that are
typically available in most classrooms (e.g., lining up for lunch first and special projects during
free play) and that did not rely on solely on teacher attention. This Good Behavior Game (GBG)
involved splitting the classroom into two teams and defining a set of classroom rules that would
be in place during math and reading periods of the school day. If a child engaged in disruptive
behavior (e.g., talking without permission) a tally was marked next to that child’s team. The
team with the most tally marks was given access to a special privilege made available to the
winning team. After implementing the GBG, talking-out and out-of-seat dropped from 96% and
82% of intervals to 19% and 9%, respectively, across math and reading periods.
The GBG procedure and outcomes have been extended to other problem behaviors such
as aggression, attending, and work output (Tingstrom et al., 2006) and longitudinal studies have
suggested that the GBG reduces the likelihood of drug abuse, high-risk sexual behavior, and
dependence disorders, in adolescence (Kellam et al., 2012). However, one criticism of the GBG
is the point system being focused on problem behavior as opposed to desirable behavior. When
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marking the scoreboard, each tally is supposed to be accompanied by a descriptive statement as
to why the point was given (e.g., “Team 2 gets a point because Will was out of his chair”). This
aspect of the point system necessarily requires the teacher to attend to problem behavior as a
component of the GBG. Wright and McCurdy (2011) evaluated a modified version of the GBG,
the Caught Being Good Game (CBGG), which awarded points to teams if all students were on
task at the end of each observation interval. The results of this study suggested that the efficacy
of the CBGG in reducing disruptive behavior was comparable to that of the GBG, with the
additional benefit of the CBGG focusing on appropriate classroom behavior.
Both the GBG and the CBGG incorporate components of public posting. Jung et al.
(2005) based an intervention on the GBG to decrease line waiting and off-task behavior, and
increase motor activity during an elementary school physical education class. The class was
divided into four teams of 10 students each, and rules were stated in relation to how teams could
earn points. Each team was awarded a point if all members of the team were engaging in
behavior that was in accordance with the rules (e.g., complies with teacher’s directions within 10
s from the time the directions are stated) at the end of each observation interval. Following
intervention, the class was observed to engage in substantially less waiting and off-task behavior,
and observed to engage in higher levels of motor activity. Jung et al. (2005) demonstrated the
feasibility of implementing a class-wide intervention using public posting that resulted in
increased physical activity. Additionally, earned point totals for each team were publicly posted
both before and after each session via a bulletin board. This intervention was effective, however,
implementation was somewhat cumbersome due to the use of direct observation. Although
direct observation is considered the gold standard in physically activity assessment (Sirard &
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Pate, 2001), conducting direct observation during recess would not be feasible for most
classroom teachers.
Although motor activity increased in Jung et al. (2005) with the application of the GBG,
a notable limitation of this study was the lack of an unambiguous, operational definition of motor
activity. This conceivably led to the collection of physical activity data that were less reliable
and accurate when compared to some of the aforementioned studies (e.g., Zerger et al., 2017). In
an effort to address this limitation and extend this line of research, Galbraith and Normand
(2017) evaluated a version of the GBG during school recess using pedometer step totals as the
primary dependent measure. Specifically, 20 students randomly assigned into one of two team
and were exposed to baseline and GBG conditions in a multielement design. During baseline
sessions, participants wore pedometers during their morning recess and did not interact with, or
receive feedback from, experimenters in any way. During GBG sessions, in addition to a
pedometer each participant was outfitted with a colored flag to identify which of the two teams a
participant was assigned. All participants were told that the team with the highest step totals at
the end of the session would receive a raffle ticked that could be entered into a weekly prize
drawing, and this contingency was repeated by the experimenter during the recess on a variable
time (VT) 3-min schedule as prompted by a MotivAider®. In this multielement arrangement,
GBG sessions were associated with substantially higher mean step counts across both teams,
when compared to baseline sessions. These data, as well as the results described by Zerger et al.
(2017) suggest that peer competition can be a simple, yet effective means of increasing
children’s step totals during school recess.
Normand and colleagues investigated environmental determinants of children’s physical
activity on school playgrounds (Hustyi et al., 2012; Larson, Normand, Morley, & Hustyi, 2014;
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Larson et al., 2013; Larson, Normand, Morley, & Miller, 2014). A consistent finding across
these studies was that, in the absence of any experimental manipulations, children were generally
sedentary during recess. Compounded by the fact that less than 5% of school districts in the
United States adhere to federal wellness policies related to recommended amounts of daily
physical education (Chriqui et al., 2013), these data suggest that identifying effective strategies
to increase children’s physical activity during times of the day where children have the
opportunity to be physically activity (e.g., recess) might be beneficial (Arundell et al., 2013).
The use of mechanical devices, such as pedometers and accelerometers, substantially
reduces the effort required by a teacher or researcher to measure physical activity of a large
group of children. Step counts recorded by these devices have been used as a dependent measure
in research on interventions to increase physical activity in adults (Normand, 2008; VanWormer,
2004) and children (e.g., Galbraith and Normand, 2017; Hayes & Van Camp, 2015; Hustyi et al.,
2011; Kuhl et al., 2015; Zerger et al., 2017). For example, Hayes and Van Camp (2015) showed
that an intervention consisting of goal setting and reinforcement increased physical activity of six
children during recess. The investigators used Fitbit accelerometers to record children’s step
counts, and provided them with age-appropriate tangible items for meeting their step goals.
Zerger et al. (2017) used pedometers during recess to evaluate the effect of an intervention
consisting of public posting, self-monitoring, feedback, and competition between teams. Their
results showed substantial increases in steps with each implementation of the intervention.
Although the package interventions described by Hayes and Van Camp (2015) and Hustyi et al.
(2011) were successful in increasing physical activity levels across various independent
measures, it is unclear which components would be necessary to result in therapeutic behavior
change (i.e., increasing physical activity). That is, it might be the case that not all components
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(e.g., goal-setting, feedback, and reinforcement) are required in tandem to increase physical
activity in similar settings. Knowing which components of an intervention are most effective is
important so the most efficient forms of interventions can be recommended to those using the
interventions. This would be especially prudent when these intervention components might be
implemented in the context of an elementary school classroom by a teacher in place of a research
team. Under these circumstances it is important to identify the most efficient or least effortful
intervention components to be implemented, as those would have the greatest likelihood of being
utilized.
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Purpose
The purpose of this study was to evaluate easy-to-implement class-wide interventions
using pedometers to increase children’s physical activity during recess (i.e., Experiments 1 and
2) and over 24-hr days (i.e., Experiment 3). Similar to Galbraith and Normand (2017), Hayes
and Van Camp (2015), and Zerger et al. (2017), in Experiments 1 and 2, we evaluated the
interventions during recess to capitalize on the opportunities children already had to be active
during the school day. However, for all three experiments, in an effort to identify the most
efficient interventions, we progressed through the interventions from the least to most effortful
and costly. The interventions consisted of public posting, goal setting, competition between
teams, and rewards, all procedures shown to be effective in other research with children. These
interventions were designed to be feasible for a classroom teacher to implement during recess or
across an entire 24-hr day, because these types of intervention should be ones a classroom
teacher could implement without additional support. Although classroom staff did not
implement the intervention in the present investigations, the procedures and intervention
components evaluated in this study were chosen with this consideration.
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General Method
Participants and Setting
Experiments 1 and 2
A classroom of 18 typically developing children attending a local private elementary
school participated in this study. Participants were 5 to 8 years old and the classroom contained
an equal number of boys and girls. Prior to beginning participant recruitment, we provided the
teacher and aide in the classroom with an overview of the study. After the teacher and aide both
completed informed consent documents agreeing to have their classroom participate, signed
informed consent documents were obtained from parents. All parents consented to have their
children participate. One girl, participant 17, left the school following session 20 and therefore
17 students completed all phases of the study. Beginning in the feedback phase of Experiment 1
through Experiment 2, students were placed into teams (see below), the green team and the blue
team. These two teams were matched for age and gender, and prior to Participant 17 leaving the
school, had an equal number of male and female students. Due to the fact that feedback was
presented as the mean number of steps taken across participants on each team, having a team of
eight students and another of nine did not negatively influence the team with fewer students.
Additionally, the primary dependent measure in both Experiment 1 and Experiment 2, was mean
steps per minute across the entire class, which would also not be substantially impacted by the
missing data for Participant 17. All recruitment and research protocols described for
Experiments 1 and 2 were reviewed and approved by the local institutional review board prior to
the initiation of any research activities.
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All sessions took place during the classroom’s normal morning recess period, which
ranged from 13 to 34 min, with an average recess lasting 26 min across the duration of the study.
During recess, participants had access to a large playground area, which included grassy areas,
paved areas, picnic tables, fixed-equipment (e.g., jungle-gym structures), and outdoor toys (e.g.,
soccer balls and hula-hoops). Participants had access to all areas and activities normally available
as part of the classroom’s daily morning recess. Activities during recess were unstructured and
participant directed, however students would sometimes independently organize small games
(e.g., soccer or basketball) in both large and small groups.
Experiment 3
A classroom of 14 typically developing children attending the same local private
elementary school participated in this study. Although this experiment took place in the same
school, there were features of the environment that changed between the end of Experiment 2
and the beginning of Experiment 3, resulting in differences in participant characteristics for the
latter study. First, Experiment 3 took place in the context of the upper elementary classroom
where the children were 9 to 12 years old and received academic instruction from a different
teacher and classroom aide. Second, given that Experiment 3 took place during the subsequent
school year, three individuals who had participated in Experiments 1 and 2 continued their
participation in Experiment 3 in, the new classroom. Third, although participants in Experiments
1 and 2 were placed in teams matched for age and gender, no such team arrangements were used
in Experiment 3. Finally, in Experiments 1 and 2, an equal number of girls and boys
participated. However, in Experiment 3 the classroom composition was more nine girls and five
boys.
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As with Experiments 1 and 2, prior to beginning participant recruitment, experimenters
provided the teacher and aide in the classroom with an overview of the study and provided
opportunities for these individuals to speak directly to the PI to address all questions and
concerns. After the teacher and aide both completed informed consent documents agreeing to
have their classroom participate, signed informed consent documents were obtained from all
parents, with all parents consenting to have their children participate. One boy, participant 8
underwent unscheduled, but voluntary surgery following Day 5 and withdrew from the study at
that time. Another boy, Participant 14 stated to the PI during data collection activities for Day 59
that he wished to withdraw from the study. This participant had only provided data for 22 of the
59 days while active in the experiment. Given the modification of monitoring step data from the
recess context in Experiments 1 and 2, to the full-day context in Experiment 3, an addendum was
submitted to the local institutional review board. This addendum in research protocols for
Experiment 3 was reviewed and approved by the local institutional review board prior to the
initiation of any research activities.
Unlike Experiments 1 and 2 which took place during the classroom’s normal recess
period, sessions in Experiment 3 spanned four 24-hr days per week, on average. Specifically,
data were not collected on Monday (or the first day of any week), as pedometers were given out
that day, with data collection activities on Tuesday reflecting steps taken on Monday and up to
the point of data collection on Tuesday. This procedure was repeated until Friday or the last day
of a given week, where pedometers were turned in following data collection and held over the
weekend. During active study days, participants wore a pedometer during all waking hours,
except when engaged in activities that would damage the device (e.g., swimming). This
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encompassed whatever ongoing activities were present during a specific 6-hr school day and all
activities outside of the school day.
Materials and Response Measurement
Each participant wore a pedometer on their hip (Model: YamaxTM DigiwalkerTM CW200). This pedometer model has been shown to be one of the most accurate and reliable models
in free-living (Schneider et al., 2004) and structured conditions (Schneider et al.,2003). For
Experiments 1 and 2, each pedometer was reset immediately before each session to record the
number of steps each participant took per session. In Experiment 3, pedometers were reset
within the same 15-min data collection period, following all required data collection activities,
which varied according to the specific phase of the study (see below). Once data were collected
during this period, all pedometers were reset and redistributed to all participants.
Experimenters placed a pedometer stand near the outside door of the classroom to hold
the pedometers when they were not in use. The stand allowed the experimenter to easily take a
photo of all the pedometer screens using a smart phone, which could be used for reliability
scoring. Following each session, the date, recess time or day, current phase, as well as the
session or day’s step total for each participant, were recorded onto a paper datasheet. As stated
above, in Experiments 1 and 2 session times ranged from 13 to 34 min (M = 26 min) due to
variability in the morning recess length across days. To control for this variability in session
time across the study, all class, team, and individual step total data were reported as a rate
measure (i.e., steps per min) as opposed to total steps taken in a given recess across participants.
If overall step totals (i.e., frequency) for each participant were used as the primary measure, the
increased or decreased opportunities that respective longer or shorter recess would provide
would confound the analysis of any specific intervention components within and across phases.
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In Experiment 3, overall step totals across the previous 24-hr day were collected as the primary
dependent measure. This resulted in uniform session duration and therefore a rate measure was
unnecessary.
During baseline phases when feedback from the device was prevented, pedometers were
sealed using a locking device made by the researcher. This consisted of the use of a threaded
insert holding a machine screw used to retain a locking band. This prevented the clamshell cover
of the device from opening, and thereby preventing access to the pedometer display without a
tool. During phases in which pedometer feedback was available to participants, the locking band
was removed from the device.
Experiments 1 and 2
During public posting phases in which participants received pre-session feedback, a 50.8
cm by 76.2 cm dry-erase board was used to display a) daily team-average step totals for each
day, b) a large histogram depicting each team’s previous step totals from the most recent session,
c) the male and female student with the highest step totals from the most recent session, and in
goal-setting phases, d) the current step total goal for that session. Additionally, two letter-sized
printouts, one for the blue team and one for the green team, were made available to all students,
which depicted each individual participant’s data as a line graph. Specifically, the line graphs
were included for each participant at the teacher’s request, as the class had recently finished a
science unit that included drawing and interpreting line graphs. At the beginning of the feedback
phase students were shown a large sample line graph and given simple instructions on how to
interpret their step data (e.g., “the dot that is the farthest to the right shows how many steps you
took yesterday”). The classroom teacher also reported that all students who participated in this
study were able to correctly answer four-digit addition and subtraction problems and could
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therefore identify the winning team given each team’s combined step totals. This was further
corroborated by observations from the pre-session feedback sessions, where all participants were
observed reciting four-digit numbers aloud. The dry-erase board and the individual line graph
printouts remained available for students to view throughout the day and were updated and
replaced prior to each session.
During phases that included self-monitoring, each participant was provided with a
colored file folder corresponding to the participant’s team color. Following sessions that
incorporated self-monitoring, participants were instructed to record their session step total on a
datasheet found in their respective folders. Finally, during phases where participants could earn
a raffle ticket for meeting or exceeding the step goal set for a given session, a small box was used
to store earned tickets for a raffle drawing at the end of each week in those phases. If a
participant’s ticket was drawn during the raffle, he or she was given the opportunity to choose an
item from a prize box.
Experiment 3
In an effort to minimize missing data across phases, participants were able to earn a raffle
ticket to be entered in a weekly drawing for each day they checked in with their pedometer.
Following data collection on the last day of the week, five raffle tickets were drawn and those
participants were given the opportunity to choose an item from a prize box.
During phases with self-monitoring and public posing components, visual feedback in the
form of a letter-sized histogram depicting each participant’s previous days step totals was placed
on the door to the playground at the participant’s eye level. This figure, which was updated each
day, depicted steps on the x-axis and rank order of step totals on the y-axis, with participant
numbers placed on the top of their corresponding histogram bar. The first three histogram bars
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were colored using black fill, to contrast the white fill of every other histogram bar. This was
done to highlight the participants with the top-three step totals recorded the previous day.
During data collection activities, participants were prompted to view this figure after completing
self-monitoring tasks. During self-monitoring with public posting and goal-setting phases,
participant step total goals were superimposed on top of each participant’s histogram bar, so that
individual participants could view their performance relative to their daily goal.
During self-monitoring with public posting, goal-setting, and reward phases, a laminated,
tabloid-sized token board was affixed to the door above the daily class histogram figure. This
board depicted each participant number in descending order of the far left, with cells for each
day of the week and total tokens earned in each row. Each day where a participant met or
exceeded their step-total goal for the previous day, they were given a token to place on this board
on the appropriate day of the week. Once five tokens had been earned, they could be exchanged
for a $5 gift cards to a community merchant.
Data collection occurred at the same time each morning according to the schedule of
active days described above. Each morning, participants met with the experimenter individually
for 1 to 2 min, where the participant’s pedometer was obtained by the experimenter for data
collection. Once the participant’s step total for the previous day was obtained, the pedometer
display was oriented towards the participant for them to record it in a daily step journal. In
addition to this journal, participants updated an accompanying line graph depicting their daily
step totals for all previous sessions. These self-monitoring procedures are described in further
detail below.
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Interobserver Agreement and Reliability
Experiments 1 and 2
Interobserver agreement (IOA) was calculated by having two independent observes
record the step total on each participant’s pedometer from the device’s display. Each observer
then independently calculated step totals for each team by summing all step totals for each team.
Finally, each observer independently calculated the session average steps per min for the entire
class. An agreement was scored if both observers recorded the same step total for individual
participants as well as team totals and the same average steps per min across participants. If there
was disagreements in any of the measures, the smaller value was divided by the larger value and
multiplied times 100 to calculate the agreement for that session. IOA was calculated for 33% of
sessions across phases with a mean agreement of 98.7%. Data on treatment integrity were not
collected, however two researchers were present during most sessions and there were never any
reports or observances of lapses in treatment integrity during any phase of the study. Goals were
set based on visual inspection of the data and therefore computation errors were not likely to
occur. Additionally, the pre-recess feedback became a reliable part of the classroom transition
from classroom activities to outside and was therefore always prompted by classroom staff,
minimizing the likelihood that pre-session feedback would not be provided.
Experiment 3
IOA in Experiment 3 was calculated according to a similar procedure as described above,
however there were two differences. First, data were not collected in the context of teams, rather
just individual participants. Second, given that rate measures were unnecessary in Experiment 3,
only step totals were compared by observers. IOA was calculated for 37% of sessions across
phases with a mean agreement of 100%.
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Experiment 1 Method
Experimental Design and Procedure
Participants were exposed to feedback in the form of public posting and self-monitoring,
according to an ABCAC experimental design. All sessions took place during the participants’
normal morning recess period on days in which a session was conducted. Five sessions were
conducted most weeks, but fewer sessions were conducted some weeks depending on the
classroom schedule. During the initial baseline phase, all participants were assigned to one of
two teams, matched for age and gender. Additionally, each participant and pedometer was
assigned a number. Participants with numbers 1 through 9 were assigned to the Green Team and
participants with numbers 10 through 18 were assigned to the Blue Team. Participants did not
receive their team assignment until beginning the Feedback phase following the initial baseline
phase. Pedometers were numbered to ensure that each participant wore the same pedometer
every session, thereby controlling for any idiosyncratic differences between devices.
Immediately prior to the start of the first baseline session, the experimenter delivered
brief instructions on how to properly wear the pedometer and told the children not to tamper with
the tape used to seal the pedometer, or try and open the pedometer in any way. Participants then
placed their pedometer on their hip and lined up to exit the classroom for recess. Experimenters
verified the correct placement of the pedometer on each participant and provided assistance if
necessary. This pre-session routine was similar in all phases, but any variations within a specific
phase are noted below. For all sessions, experimenters began the session time when the first
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participant crossed the outside-door threshold when exiting the classroom and the session time
was ended when the first child crossed the outside-door threshold when entering the classroom.
Baseline
During baseline sessions, participants wore their assigned pedometer, but did not receive
any feedback from the pedometer or experimenters. Additionally, each pedometer was sealed
with tape prior to each session to prevent participants from engaging in any self-monitoring.
Feedback
At the beginning of the feedback phase, all participants were told which team they had
been assigned to for the remainder of the study. They were also told that they were in a
competition to see which team could take the most steps during recess. The feedback and public
posting components of this phase occurred immediately prior to each session during a brief circle
time, where experimenters showed the participants the average step total for each team from the
most recent session, a large, two-bar histogram depicting each team’s previous step totals from
the most recent session, and the male and female student with the highest step totals from the
most recent session, via a poster-sized dry-erase board. This board, along with the individual
line graphs for each participant remained on display next to the outside door throughout the
school day. After this information was provided, participants were brought up one team at a time
to put on their pedometers before beginning that day’s session. Self-monitoring did not occur in
this phase, as each pedometer remained sealed with electrical tape.
Feedback with Self-monitoring
All feedback components from the previous phase remained in place during the feedback
with self-monitoring phase, however the pedometers were distributed unsealed, allowing
participants to self-monitor their step total during and following the sessions. Additionally, all
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participants were given a colored folder corresponding to their team color, which contained a
datasheet. Following each session, participants were instructed to record their session step total
on the datasheet before returning their pedometer to the stand. This was done to ensure that all
participants attended to their final step total for each session, even if they did not engage in selfmonitoring during the session proper.
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Experiment 1 Results
Figure 1 depicts the average steps per min across sessions for all 18 participants
according to an ABCAC experimental design. Due to the high degree of variability within
phases, a common finding when steps are used as a dependent measure (cf. Normand, 2008;
Valbuena, Miltenberger, & Solley, 2015), phase mean lines have been superimposed onto the
dataset to aid the analysis (Valbuena, Miller, Samaha, & Miltenberger, 2017). During the initial
baseline phase, there was a high degree of variability across sessions with a mean rate of 72.6
steps. When feedback was introduced there was a slight upward trend initially, however the data
were stable in the last half of the phase with a mean of 74.6 steps, showing scant increase from
baseline. With the addition of self-monitoring in the feedback with self-monitoring phase, the
rate increased to a mean of 86.3 steps. When baseline was reinstated, the mean rate decreased to
75.6, comparable to the levels observed in the prior baseline and feedback phases. When the
feedback with self-monitoring phase was reinstated, the mean increased to 84.6 steps, similar to
the levels observed previously in this condition.
Although the class mean increased with the feedback and self-monitoring procedure,
analysis of individual participants’ data revealed that not all participants benefitted from the
intervention. Figure 2 depicts the mean steps per min for each participant across phases of the
study. The x-axis of both the top and bottom panels depict a 5-bar histogram for each participant
and y- axis depicts the mean steps per min within each phase. The grey bars depict responding
during the first and second Baseline phases (Bars 1 and 4), the white bar depicts responding the
Feedback phase, and the black bars (Bars 3 and 5) depict responding during the Feedback with
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Self-Monitoring phase. Although most participants were responding at higher levels in the
Feedback with Self-Monitoring phase, only four participants (i.e., participants 1, 2, 5, and 10)
responded at levels at or above the 99 step per min threshold for MVPA.
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Experiment 2 Method
The results of Experiment 1 showed that feedback and self-monitoring increased steps at
recess. However, even though the class mean increased with the intervention, some students
increased less than others or not at all. Therefore, the purpose of this study was to evaluate the
addition of tangible reinforcement for achieving daily step goals to the successful procedures
from Experiment 1 to see of greater increases in activity could be achieved. The same students
and teaching staff participated in this extension.
Experimental Design and Procedures
Participants were exposed to two experimental conditions in an ABAB design; one phase
consisted of feedback with self-monitoring and goal setting, and the other phase consisted of
feedback, self-monitoring, goal setting, and reward.
Feedback with Self-monitoring and Goal Setting (FSG)
Feedback and self-monitoring as described in Experiment 1 were implemented during the
FSG phase. Additionally, we set a session step goal and informed the participants of the goal
before they went out for recess. The first goal was 2325 steps, which was based on the class
performance observed in Experiment 1. More specifically, in the feedback and self-monitoring
phase in Experiment 1, there were several sessions where the average steps per min met or
exceeded 90 or 2325 steps for the average 26 min session (See Figure 1). Therefore, we set the
goal at 2325 steps because we believed, given the previous performance observed, that this was a
challenging yet attainable goal. During all goal-setting sessions an experimenter held a small

46

clipboard displaying that session’s step-total goal while standing on the side of the playground.
In the second FSG phase, the goal was set at 2300 steps
Feedback, Self-monitoring, Goal Setting, and Reward (FSGR)
In this phase we added reinforcement in the form of raffle tickets and back-up reinforcers
to the FSG phase procedures. Due to low average steps per min in the first FSG phase, the steptotal goal was reduced to 1800 (i.e., an average rate of 69 steps per minute). In addition,
participants also earned a raffle ticket following each session that they met or exceeded the 1800
step total goal. These raffle tickets were entered into a weekly prize drawing at the end of each
week during this phase, where participants had the opportunity to pick leisure items (e.g.,
stickers, art pens, small puzzles) from a prize box if their ticket was drawn. The step total goal
was increased to 2100 steps (i.e., an average rate of 81 steps per min) and again increased to
2300 steps (i.e., an average rate of 90 steps per min) in this phase. The 2,300 step total goal
remained in place for the remainder of the study.
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Experiment 2 Results
Figure 3 depicts classroom average steps per min for FSG and FSGR phases, across
participants, according to an ABAB experimental design. Thin dashed lines depict mean
responding within each phase and step total goals are denoted by the bold-dashed lines within
each phase. During the FSG phase, we set a 2350 step goal (90 steps per min), and responding
fell below this goal at an average of 76 steps per min. During the first FSGR phase, the step total
goal was reduced to 1800 steps (69 steps per min), which resulted in a very slight elevated level
of responding over the first five sessions of this phase. The step total goal was raised again in
Session 10 to 2100 steps (81 steps per min) and again at Session 15 to 2300 steps (88 steps per
min). Elevated levels of responding were observed when the goal was increased to 2100 steps,
however this did not persist when the goal was increased again to 2300 steps. It should be noted
that although student could begin earning raffle tickets in Session 5, the first raffle where
exchanging tickets was possible did not occur until after Session 9. The substantial increase
noted following Session 10 and the lower levels of responding during the first five sessions of
this phase suggest that only after experiencing the raffle component did responding increase.
When the reward component was removed in the third phase, responding decreased to levels
observed during the first FSG phase. When the reward component was reintroduced in Session
27, responding increased substantially and occurred at the highest levels observed during the
study (i.e., a phase mean of 109 steps per minute across participants). Responding during the
first FSG phase was 78 steps per min, for comparison.
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Figure 4 depicts the mean steps per min for each participant across phases of the study.
The x-axis of both the top and bottom panels depict a 4-bar histogram for each participant and yaxis depicts the mean steps per min within each phase. The grey bars depict responding during
the first and second FSG phases (Bars 1 and 3), and the black bars (Bars 2 and 4) depict
responding across FSGR phases. Compared to the four participants in Experiment 1 who
responded at or above the 100 step per min threshold, 11 participants met or exceeded
responding at this threshold during Experiment 2. For most of these participants, the threshold
was only exceeded during the FSGR phases.
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Experiment 3 Method
The results of Experiment 2 showed that when tangible reinforcement for achieving daily
step goals was added to an intervention consisting of feedback, self-monitoring, and goal setting,
higher average steps per minute across participants were observed during their school recess.
Therefore, the purpose of Experiment 3 was to evaluate similar intervention components across
full day, 24-hr sessions. See above for information regarding features of the students and
teaching staff who participated in this experiment.
Experimental Design and Procedures
Participants were exposed to feedback in the form of daily public posting of step total
information, self-monitoring in the form of a daily step journal and line graph, and goal-setting
with and without reward according to an ABACDAD experimental design. All session took
place during a 24-hr session, which began and ended when data were collected each morning
during a brief experimenter check-in with each participant during a free-work period in the
classroom. Four sessions were conducted most weeks, but fewer sessions were conducted some
weeks depending on the classroom schedule and holiday school closures. Immediately prior to
the start of the first baseline session, the experimenter delivered brief overview of the study and
provided instructions on how to properly wear the pedometer, as well as how to properly store
the device when not in use (e.g., during sleep or swimming). Instructions were given to the
participants to not tamper with the locking device used to seal the pedometer, or to try and open
the pedometer in any way during this phase. A numbered pedometer was then distributed to
each participant and all were instructed to place their pedometer on their waist band at the hip.
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Experimenters then verified the correct placement of the pedometer on each participant and
provided assistance and other feedback if necessary.
Baseline
During baseline sessions, participants wore their assigned pedometer, but did not receive
any feedback from the pedometer or experimenters regarding their step totals or other
performance feedback. Additionally, each pedometer was outfitted with a locking mechanism
that prevented participants form engaging in any self-monitoring in the form of viewing the
pedometer display.
Self-monitoring with Public Posting (SMPP)
At the beginning of the SMPP phase, participants were exposed to visual feedback at the
beginning of each day (see above). Unlike baseline where participants were unable to selfmonitor their current step total by viewing the pedometer display, participants were now able to
view this display at any point throughout the day. Additionally, there were two self-monitoring
tasks which participants were prompted to engage in during data collection activities. The first
was updating a daily step journal and second was updating a line graph depicting their daily step
totals for all sessions in which self-monitoring was permitted.
Self-monitoring with Public Posting and Goal Setting (SMPPGS)
Self-monitoring and public posting components remained as described above. In addition
to these components, daily step total goals were set of each individual participant using
percentile-schedules of reinforcement (Galbicka, 1994). Specifically, the last 10 step total
observations for each participant in the SMPP phase were placed in ascending order. Using the
percentile-schedules equation described above, with k=.2, a participant was considered to have
met their daily goal if they met or exceeded the eighth highest value. This daily goal was in

51

place for the duration of the week and was recalculated on the first day of each week during goal
setting phases. This value was written on a small sticker that was placed adjacent to the
pedometer display for the participant to view during self-monitoring. Additionally, participant
step total goals were depicted by a dashed line superimposed on top of each participant’s
histogram bar on the public-posting feedback which was updated each day.
Self-monitoring with Public Posting, Goal Setting and Reward (SMPPGSR)
In addition to the self-monitoring, public posting, and goal setting components of the
previous phase, SMPPGSR incorporated a simple token reward system. Specifically, each day a
participant met or exceeded their daily step-total goal, they were provided with a token to be
placed on a public tracking board (see above) affixed above the daily public posting figure.
Once a total of five tokens had been earned, a participant could exchange those tokens for a $5
gift card to a community merchant. The specific merchants were selected based on participant
recommendations and tokens did not have to be earned on successive days.
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Experiment 3 Results
Figure 5 depicts classroom average steps per day across phases, according to a
ABACDAD experimental design, with dashed lines depicting mean responding within each
phase. During the initial baseline phase, where participants wore masked pedometers, the class
took an of average of approximately 6900 steps per day. With the introduction of selfmonitoring and public posing components in the SMPP phase, a substantial increase to an
average of approximately 9400 steps per day was observed with minimal overlap between
phases, but with increased variability. When baseline conditions were reintroduced, an average
decrease in responding was observed to approximately 8700 steps per day, somewhat higher than
responding during the initial baseline phase. Following this return to baseline, the SMPPGS
phase was introduced, which resulted in a similar pattern of responding to the SMPP phase at
approximately 9500 steps per day, on average. Although there was a modest increase observed,
there was a high degree of overlap observed between the SMPPGS and the previous baseline
phase. When the reward component was added in the subsequent SMPPGSR phase, another
substantial increase to an average of 11550 was observed, with minimal overlap observed when
compared with the previous phase. Following another return to baseline, respond decreased on
average to levels observed during the previous baseline phase at approximately 9100 steps per
day, on average. Finally, when SMPPGSR was reintroduced, responding increased to an overall
phase mean of approximately 11200, comparable to responding in the previous SMPPGSR
phase.
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Figure 6 depicts the average steps per day for each participant across all phases of the
study. The x-axis of both the top and bottom panels depict a 7-bar histogram for each participant
and y- axis depicts the mean steps per day within each phase. The white bars depict responding
during the first, second, and third baseline phases (Bars 1, 3, and 6), the light gray bars depict
responding during the SMPP phase (Bar 2), the dark gray bars depict responding during the
SMPPGS phase (Bar 4) and the black bars (Bars 5 and 7) depict responding across SMPPGSR
phases. Overall, all participants, except for Participant 9 were observed taking the most average
steps per day in the SMPPGSR (reward) phase. Additionally, experimental control was
demonstrated for the effect of SMPPGSR in a smaller ABA analysis between those phases and
an intermediate baseline phase for 7 of 12 participants.
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Discussion
In the current studies, participants were exposed to intervention components consisting of
feedback through public posting, self-monitoring, goal-setting, and reinforcement. In
Experiment 1, feedback in the form of public posting alone did not result in increased levels of
physical activity, however, the addition of self-monitoring increased steps totals. In Experiment
2, feedback, self-monitoring, goal-setting, and rewards via a raffle increased the levels of
physical activity relative to the use of these procedures without the reward component. In
Experiment 3, these same intervention components were evaluated across successive 24-hr days
each week, with the combination of goal setting, public posting, self-monitoring, and reward
resulting in the highest levels of physical activity. We extended the present literature by
evaluating the intervention with the entire class and introducing the intervention components
from least to most effortful and costly.
Experiment 1 evaluated feedback plus self-monitoring after feedback alone failed to
increase steps. Except for two sessions, the introduction of self-monitoring to feedback markedly
increased steps above baseline and the feedback only phases. These data suggest that public
posting alone was not sufficient for increasing overall levels of physical activity during recess for
these participants. However, allowing participants to self-monitor their steps during recess, and
having them record their step totals immediately following each session, produced elevated
levels of responding. Unfortunately, it is unclear what effect self-monitoring would have had in
isolation. It is possible that self-monitoring may have may have functioned as an establishing
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operation that evoked more activity and increased the value of seeing more steps on the
pedometer.
In Experiment 2, the analysis of feedback, self-monitoring, and goal-setting with and
without rewards began with the introduction of step-total goals in addition to the public posting
and self-monitoring components. Initially, a goal of 2325 steps was put in place. This goal was
chosen based on class performance in Experiment 1. With an average recess length of 26 min,
an average class rate of approximately 90 would be reached if each student, on average took
2325 steps in a session. Interestingly, the goal was never reached in the FSG phase even though
that level was achieved in the final phase of Experiment 1. One explanation could be that the
goal in this phase was initially set too high to effectively influence responding. Additionally,
there were no programmed consequences (i.e., reinforcement available) for meeting or exceeding
the goal in these initial goal-setting sessions. Both of these potential issues were addressed
beginning in the first FSGR phase, where the goal was reduced to 1800 steps and raffle tickets
were made available for participant who met or exceeded the goal in a given session. These
raffle tickets were used in a weekly drawing where winners could choose a leisure item form a
prize box. The use of a raffle system can reduce the cost of reinforcers form individualized goal
setting and reinforcement interventions as implemented by Hayes and Van Camp (2015).
As the goal was increased the average rate increased from 83.0 under the 1800 step goal
to 92.4 under the 2100 step goal. Finally, when the goal was increased to 2300 steps, responding
closely matched the criterion, with an average rate of 90.6 steps over the next five sessions. The
lower level of responding initially observed when the goal was lowered and reinforcement was
made available might have been due to the fact that participants did not contact the available
reinforcement contingency until after the first raffle drawing. This is also supported by the fact
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that responding increased substantially when the 2100 step goal was in place, following the first
raffle drawing. When rewards were removed, step totals dropped (with the average rate of 82.0)
and when rewards were re-implemented, step totals greatly increased to an average of 109.0
across the last four sessions.
Although the results of Experiments 1 and 2 demonstrate important features of the
intervention in relation to increasing session step totals, the components discussed above were
not effective for all participants. Figure 2 shows individual phase means for all participants from
Experiment 1. Experimental control is demonstrated for nine participants (2, 5, 7, 8, 9, 10, 11,
13, 16) in a reversal design. Figure 4 shows individual phase means for Experiment 2.
Experimental control is demonstrated with 10 participants (1, 6, 7, 8, 9, 10, 13, 15, 16, and 18) in
a reversal design. Furthermore, all participants showed an increase in the mean from the first
FSG to the final FSGR phase with an average increase of 30.9 steps/min (ranging from 18.269.8).
A similar pattern can be described from an analysis of the individual data obtained in
Experiment 3. Figure 5 depicts individual phase means (i.e., average steps per day) across the 12
participants who completed all phases of the study. Although an increase in average steps per
day was observed from the initial baseline to the SMPP phase, for all twelve participants,
experimental control was not demonstrated for this effect for all participants. Specifically, if the
initial baseline phases, the SMPP phase, and the second baseline phases are analyzed in an ABA
reversal design, experimental control was only demonstrated for five participants (2, 6, 9, 11, and
13. Statements regarding experimental control of the SMPPGS phase are unable to be made,
given those data can only be compared to the second baseline phase in an AB analysis.
However, if the SMPPGS data are analyzed in the context of the ABA analyses described above

57

(i.e., ABAC), there is little evidence that the addition of goal setting components in the SMPPGS
phase had a substantial influence over average steps per day, as for most participants the average
steps per day in the SMPP and SMPPGS phases are indistinguishable (See Figure 4). Given this
reliable pattern across the individual participant data, this comparison is easily observed in the
group data where the average steps per day of the entire class during the SMPP and SMPPGS
phases were 9,451 and 9523, respectively. When a contingent reward for meeting or exceeding
daily step total goals were applied in the SMPPGSR phase, the effect on average step totals can
be analyzed with the subsequent baseline and second SMPPGSR phase in a BAB reversal
design. An inspection of the individual data in Figure 5 indicate that experimental control was
clearly demonstrated for 7 participants (3, 4, 5, 6, 7, 10, and 11). This effect is also clearly
demonstrated in the class data depicted in Figure 4, where the average steps per day in the initial
and second SMPPGSR phases were 11261 and 11020, respectively. In the intermediate baseline
phase between the SMPPGSR phases, responding was comparable to the second baseline phase
with an average steps per day of 8370. It should be noted that regardless of these demonstrations
of experimental control, all participants except for participant 9 exited Experiment 3 is the
SMPPGSR phase engaging in substantially higher steps per day (i.e., 11020) when compared to
the initial baseline phase (i.e., 6672), a robust, socially valid outcome for this experiment as a
whole.
The physical activity recommendations outlined by the CDC state that children ages 6 to
17 should engage in 60 min of activity every day. Additionally, they stipulate that these 60 min
should consist of MVPA, which includes activities such as running, walking briskly, climbing,
and jumping. Given that the data in Experiments 1 and 2 were expressed as a rate measure of
steps per min, those data can be analyzed in relation to MVPA. Moderate-intensity walking (100
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steps per min) can be indicative of MVPA (Hayes & Van Camp, 2015; Tudor-Locke, Craig,
Beets, et al., 2011; Tudor-Locke, Craig, Brown, et al., 2011). Hayes and Van Camp (2015)
evaluated MVPA by this criterion on a minute-by-minute basis. Because the pedometers that we
used only reported total steps for the session, we were limited to evaluating MVPA by the
average steps per min during the entire session. The horizontal lines in Figure 2 and Figure 4
represent this criterion for MVPA (>100 steps/min). In Experiment 1, four participants exceeded
an average of 99 steps per min during the final intervention phase. In Experiment 2, 11
participants exceeded an average rate of 100 steps per min during the final intervention phase.
Future research should use equipment that provides real time levels of activity (e.g. Hayes &
VanCamp, 2015), to evaluate goal-setting criteria based on minutes of MVPA rather than total
steps as a means of promoting more intense topographies of activity. Although the data in
Experiment 3 were not expressed as a rate measure and therefore not amenable to the moderateintensity walking analysis, daily total steps can also be used to infer MVPA, as 60 min of MVPA
has been correlated in children taking 13,000 to 15,000 steps/day for boys and 11,000 to 12,0000
steps/day for girls (Tudor-Locke, Craig, Beets, et al., 2011). As described above, the average
steps per day during the initial baseline phase across participants was 6672. At the end of
Experiment 3 in the SMPPGSR phase, the average steps per day were 11020 across participants,
indicating that the class average was much closer to these recommendations when compared to
the beginning of Experiment 3. In fact, one of the three male participants, Participant 1 and five
of the nine female participants (5, 6, 7, 11, and 12) exited the study meeting the Tudor-Locke et
al. recommendations. A second male participant, Participant 10, missed this 13,000 step
threshold by less than 250 steps on average in the second SMPPGSR phase. For context, of the
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seven participants highlighted here, Participant 5 had the highest baseline average steps per day
at the beginning of the study with 8702.
Future research should evaluate what factors might ultimately predict the success or
failure of a similar intervention so that more intensive individualized interventions could be
implemented when necessary. Conceivably, one or more of the multi-element analyses (e.g.,
Hustyi et al. 2012; Larson et al. 2013) could be used as an assessment strategy to inform a more
individualized intervention during school recess or other relevant environments associated with
physical activity (e.g., a local park). Additionally, one simple manipulation that was not
conducted in the session-based analyses in Experiments 1 and 2 was the setting of individual step
total goals for each participant. In a study by Kuhl et al. (2015), the highest step totals across
two classrooms were observed when participants were exposed to an individual goal setting
contingency. Cumulative classroom goals were also evaluated but were not as effective in
increasing step totals when compared to individual goal-setting contingencies. Specifically,
these individual participant goals were calculated by calculating a participants’ average step
totals during the previous baseline and adding 1,500 steps to that value.
In Experiments 1 and 2, goals were the same for all participants regardless of previous
performance. This could be potentially problematic if there are participants who never meet or
exceed even the lowest goal. The use of an individualized goal setting procedure might result in
even higher rates of responding in participants who responded well to the goal-setting
contingency similar to those in the current study, and might also allow higher rates of responding
to be shaped in participants who did not respond to the components evaluated in this study. In
Experiment 3 a more systematic goal setting procedure was used to calculate individual based on
previous observations (i.e., percentile schedules of reinforcement; Galbicka, 1994). Although
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participant goals were individualized in Experiment 3, the data suggest that a goal set without a
reinforcement contingency, the SMPPGS phase was no more effective in increasing step totals
over self-monitoring and public posting alone. Substantial increases were only observed when
the individual goals were correlated with reinforcement (i.e., SMPPGSR). Given that one of the
goals of this line of research is to identify intervention components that are effective and
relatively low effort to implement, an analysis of the SMPPHSR phase with an arbitrary goal
setting procedures (e.g., 10% above baseline) might be prudent. To put it another way, the goal
setting procedure used in Experiment 3, which employed percentile schedules of reinforcement,
required an experimenter to spend approximately 20 min each week sourcing participant data
and calculating goals for the subsequent week. A more arbitrary goal setting procedure for
establishing individual goals would conceivably require less time to calculate thereby decreasing
the response effort of this aspect of the intervention. Future research should evaluate a phase
similar to SMPPGSR with this consideration. It should be noted that the individual goals set by
Kuhl et al. (2015) were set by adding 1500 steps to the preceding baseline average and verbal
praise was delivered for meeting or exceeding that goal.
One notable limitation of pedometry is the lack of sensitivity to activity intensity (e.g.,
walking versus running steps). Given that pedometers are designed to be worn at the hip, the
mechanism in most pedometers is calibrated in order to detect and count instances of hip
displacement that result from most topographies of walking, running, and other ambulatory
movement. Although pedometers are able to accurately and reliably provide a record of walking
behavior, physical activity that does not involve instances of hip displacement (e.g., weight
lifting, swimming, climbing, etc.) are not accurately represented in a wearer’s step totals.
However, with the advent and ubiquity of fitness tracking devices (e.g., Fitbit, Apple Watch),
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information regarding activity intensity can be used to supplement step total data. Hayes and
Van Camp (2015) evaluated an intervention to increase step totals during school recess using
self-monitoring, goal setting, feedback, and self-monitoring, using a Fitbit activity tracker to
obtain session step totals. These step totals were also used to calculate MVPA in one-minute bins
(i.e., ≥ 100 steps per min in a given bin constituted MVPA). Although these same data can be
obtained from a standard pedometer record, the Fitbit mobile application for Android and iOS
smart phones, as well as the Fitbit website can be used to obtain additional data activity intensity
data (e.g., the ability to differentiate between lightly-active and very-activity activity based on
the accelerometer data from the device). Although an analysis of the Fitbit activity levels was not
part of the Hayes and Van Camp study, future studies should investigate these activity level
codes as an alternative or auxiliary measure to step totals. For example, Zarate et al. (2019)
evaluated goal setting and textual feedback (i.e., text messages) in increasing moderate-intensity
activity in adults. To accomplish this, each participant was outfitted with a FitbitTM Flex which
allowed participant step data to be analyzed in 5-min bouts. Specifically, experimenters were
able to use these 5-min bins to evaluate the number of “intense” steps taken per week. In
validating the FitbitTM for use in this study, experimenters noted that a 5-min bout of at least 400
steps was associated with the device coding that bout as one of “high intensity.” Therefore, the
step totals from all 5-min bouts where at least 400 steps had occurred were summed each week,
yielding a weekly total of intense steps as the primary dependent measure. Step totals from 5min bouts of less than 400 steps were omitted from the dataset.
Although modern fitness tracking devices such as the Fitbit allow the wearer or
experimenters to obtain additional activity intensity information in addition to raw step totals,
these devices tend to be more expensive, and might be prohibitively so given the population of
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interest in the current study. As of the writing of this manuscript, the least expensive Fitbit
activity trackers, the FitbitTM Zip (hip worn) and the Fitbit Flex 2 (wrist worn) have a suggested
retail price of $59.95. In contrast, the YamaxTM devices used in the current study were obtained
for less than $18 per unit. Given this and in addition to analyzing step data in relation to the 100
step per minute threshold for MVPA discussed above, information regarding activity intensity
could be supplemented by periodic direct observation. For example, direct observation could be
used to probe MVPA for a small sub-set of participants across baseline and intervention phases
in order to obtain similar information regarding activity intensity provided by the Fitbit (or
similar) device. However, given that one of the goals of the current study was to evaluate an
intervention that could potentially be implemented without the support of research staff, the use
of a direct observation system to supplement step total data might be too cumbersome in this
context.
The use of a fitness tracking device, such as a FitbitTM is also relevant to a limitation in
Experiment 3 related to missing data. During all phases of Experiment 3, missing data were
defined as a participant not returning their device from the previous day. When this occurred,
participants were provided with a loaner pedometer and instructed to return both devices the
following day. In this example, if a loaner was not provided, data for that day’s session would
become unavailable as well, with data collection unable to resume until the device was returned.
Figure 8 depicts daily pedometer returns across phases in Experiment 3. During the initial
baseline phase and SMPP phase daily pedometer returns were consistently high with loaner
pedometers being provided as needed. However, during the second baseline phase, pedometer
returns were on a downward trend, with less than half of the devices being returned towards the
end of the phase. When SMPPGS was applied, pedometer returns increased substantially to the
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previously high levels observed in the first two phases, but returns decreased across this phase,
stabilizing at about seven returns per day on average. With the introduction of the reinforcement
component of SMPPGSR, pedometer returns increased again to high levels. When baseline was
reinstated, returns decreased across that phase to levels observed at the end of the SMPPHS
phase. With the reintroduction of the SMPPGSR phase, pedometer returns once again increased
for the duration of the study.
These data suggest that once the initial reactivity of study participation is no longer
controlling behavior related to pedometer returns, some additional contingency similar to the one
present in the SMPPGSR phases is needed to ensure high return rates. Kuhl et al. (2015)
described that missing data were factored into phase where individual goals were set, but not
when group goal contingencies were in place. Additionally, Kuhl et al. did not quantify the
extent to which missing data occurred. It is our understanding that the data depicted in Figure 8
are the first reported in a school-based pedometer intervention study. One advantage of a device
like the FitbitTM is the ability to obtain a measure of wearing adherence. In Experiment 3, there
was no means for experimenters to ensure participants were wearing the device throughout the
day, especially when they were not on school grounds. Given that the device data can be
reviewed in 5-min bouts (cf. Zarate et al., 2019), an absence of data in a given bout would
suggest that the participant was not wearing the device for that time. These data could be used to
derive a measure of wearing adherence as a percentage of the session in which some activity data
were recorded. In addition to assessing wearing adherence, future research should investigate
methods for minimizing missing data across 24-hr sessions.
Another feature of the data across all three experiments that is worth noting is the high
degree of variability observed across sessions. Recently, Valbuena et al. (2017) provided several
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options for visual data analysis when a time-series dataset contains a high degree of betweensession variability. The use of phase mean lines in Figures 3 and 5 were included to aid in the
visual analysis of the aggregate class data. In studies that employed daily steps as a dependent
measure (e.g., Normand, 2008; Valbuena et al., 2015), high levels of variability were observed
within phases. This poses difficulty for visual analysis, as features of the data can be more
difficult to identify. In both the Normand (2008) and Valbuena et al. (2015) studies, each
session consisted of a 24 hr day. It is understandable that an individual’s step totals will vary
substantially day-to-day (e.g., weekday versus weekend routines). Interestingly, there was a high
degree of variability observed in the data of the current study, even though these data reflect
much shorter sessions of 26 min, when compared to these previous studies. An even higher
degree of variability can be observed when looking at individual participant data depicted as a
time series. This high degree of variability is depicted in Figure 7, which depicts complete
datasets for two individuals, one from each study. Moreover, this high degree of variability was
observed even with step totals reported as a rate measure averaged across participants, when
compared to overall daily step totals of individual participants observed in previous studies. This
provides stronger evidence for the effects observed in the current study, as it should be expected
that meaningfully influencing the rate of behavior would be more difficult for a group of
participants than for a single individual. Because high levels of variability make data
interpretations using visual analysis more difficult, future research should investigate
measurement strategies, dimensions of physical activity, and data depictions that can aid in
interpretation of these data. In the current study, phase mean lines were superimposed over the
dataset to aid in interpretation.
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One of the primary purposes of this study was to evaluate a program that a teacher or
other education professional could easily implement in the classroom during times of the day
when children had the opportunity to engage in physical activity. Any individual, experimenter
or otherwise, would have to track student data across an entire classroom to provide daily
feedback and, if necessary, would have to manage goal-setting contingencies and the delivery of
reinforcers. In the current study experimenters, in place of the teacher, completed all of these
tasks themselves. Future research should investigate the strategies needed to train teachers to
implement this and similar intervention in their classrooms. Future research should also
investigate how students might help assist in the day-to-day tasks such as keeping pedometer
records and tracking student performance, as this would also remove some of the effort required
of the teacher to implement this type of intervention. In addition to the teaching staff, parents
could also assist or take on larger role in managing data collection or other intervention aspects
to potentially promote or maintain increases in physical activity of their children. For example,
Ek et al. (2016) evaluated a package intervention consisting of feedback, goal setting, and
rewards to increase physical activity in children. As it relates to this discussion, during
intervention phases, each child entered into a behavior contract with their parent stipulating the
number of steps required to earn a parent selected reward. Additionally, parents facilitated daily
performance feedback and reinforcer delivery when earned. Similar parental involvement should
be evaluated in the context of the intervention components described in the current study.
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Figure 1. Classroom average steps per min across baseline (BL), feedback, and feedback plus
self-monitoring (FB + SM) phases. Dashed lines depict the mean within each phase.
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Figure 2. Average steps per min across baseline (grey bars) and feedback (white bars) and
feedback with self-monitoring (black bars) phases for all 18 participants. The dashed horizontal
line shows the number steps per min needed for MVPA (i.e., >99 steps per min).
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Figure 3. Classroom average steps per min across FSG and FSGR phases. Thin dashed lines
depict mean responding within each phase. Step total goals are denoted by the bold-dashed lines
within each phase.
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Figure 4. Individual average steps per min across FSG (grey bars) and FSGR (black bars) phases
for all 18 participants. The dashed horizontal line shows the number steps per min needed for
MVPA (i.e., >99 steps per min).
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Figure 5. Classroom steps per day across baseline, SMPP, SMPPGS, and SMPPGSR phases.
Dashed lines depict mean responding within each phase.
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Figure 6. Average steps per day across baseline (white bars), SMPP (light gray bars), SMPPGS
(dark gray bars) and SMPPGSR (black bars) phases for all 12 participants.
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Figure 7. Individual participant data depicted for Participant 2 (Experiment 1) and Participant 9
(Experiment 2). Note the high degree of day-to-day variability across all phases. This was
observed across most participants and has also been reported in the literature when step totals are
used as a dependent measure.
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Figure 8. Daily pedometer returns from 14 participants across phases of Experiment 3
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October 20, 2014
Bryon Miller
ABA-Applied Behavior Analysis
Tampa, FL 33647
RE:
Expedited Approval for Initial Review
IRB#: Pro00017580
Title: Using Comparative Feedback to Increase Children’s Physical Activity
Study Approval Period: 10/18/2014 to 10/18/2015
Dear Mr. Miller:
On 10/18/2014, the Institutional Review Board (IRB) reviewed and APPROVED the above
application and all documents outlined below.
Approved Item(s):
Protocol Document(s):
Protocol
This study involving data pertaining to children falls under 45 CFR 46.404 – Research not
involving greater than minimal risk.
Consent/Assent Document(s)*:
Parental Permission.pdf
Teacher Informed Consent.pdf
Written Child Assent.pdf
(Verbal Child Assent)
*Please use only the official IRB stamped informed consent/assent document(s) found under the
"Attachments" tab. Please note, these consent/assent document(s) are only valid during the
approval period indicated at the top of the form(s). *Verbal Assent is not stamped.
It was the determination of the IRB that your study qualified for expedited review which
includes activities that (1) present no more than minimal risk to human subjects, and (2) involve
only procedures listed in one or more of the categories outlined below. The IRB may review
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research through the expedited review procedure authorized by 45CFR46.110 and 21 CFR
56.110. The research proposed in this study is categorized under the following expedited review
category:
(4) Collection of data through noninvasive procedures (not involving general anesthesia or
sedation) routinely employed in clinical practice, excluding procedures involving x-rays or
microwaves. Where medical devices are employed, they must be cleared/approved for
marketing.
(6) Collection of data from voice, video, digital, or image recordings made for research purposes.
(7) Research on individual or group characteristics or behavior (including, but not limited to,
research on perception, cognition, motivation, identity, language, communication, cultural
beliefs or practices, and social behavior) or research employing survey, interview, oral history,
focus group, program evaluation, human factors evaluation, or quality assurance methodologies.
As the principal investigator of this study, it is your responsibility to conduct this study in
accordance with IRB policies and procedures and as approved by the IRB. Any changes to the
approved research must be submitted to the IRB for review and approval by an amendment.
We appreciate your dedication to the ethical conduct of human subject research at the University
of South Florida and your continued commitment to human research protections. If you have
any questions regarding this matter, please call 813-974-5638.
Sincerely,

Kristen Salomon, Ph.D., Vice Chairperson
USF Institutional Review Board
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9/29/2015
Bryon Miller
USF College of Behavioral and Community Sciences
4202 E. Fowler Avenue, MHC 1110
Tampa, FL 33620, USA
RE:
Expedited Approval for Continuing Review
IRB#: CR1_Pro00017580
Title: Using Comparative Feedback to Increase Children’s Physical Activity
Study Approval Period: 10/18/2015 to 10/18/2016
Dear Mr. Miller:
On 9/28/2015, the Institutional Review Board (IRB) reviewed and APPROVED the above
application and all documents contained within including those outlined below.
Approved Item(s):
Protocol Document(s):
Protocol

Consent/Assent Document(s)*:
Parental Permission.pdf
Teacher Informed Consent.pdf
Written Child Assent.pdf

*Please use only the official IRB stamped informed consent/assent document(s) found under the
"Attachments" tab on the main study's workspace. Please note, these consent/assent document(s)
are only valid during the approval period indicated at the top of the form(s) and replace the
previously approved versions.
This study involving child participants falls under the minimal risk category 45 CFR 46.404:
Research not involving greater than minimal risk.
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The IRB determined that your study qualified for expedited review based on federal expedited
category number(s):
(4) Collection of data through noninvasive procedures (not involving general anesthesia or
sedation) routinely employed in clinical practice, excluding procedures involving x-rays or
microwaves. Where medical devices are employed, they must be cleared/approved for
marketing.
(6) Collection of data from voice, video, digital, or image recordings made for research purposes.
(7) Research on individual or group characteristics or behavior (including, but not limited to,
research on perception, cognition, motivation, identity, language, communication, cultural
beliefs or practices, and social behavior) or research employing survey, interview, oral history,
focus group, program evaluation, human factors evaluation, or quality assurance methodologies.
As the principal investigator of this study, it is your responsibility to conduct this study in
accordance with USF HRPP policies and procedures and as approved by the USF IRB. Any
changes to the approved research must be submitted to the IRB for review and approval by an
amendment. Additionally, all unanticipated problems must be reported to the USF IRB within
five (5) calendar days.
We appreciate your dedication to the ethical conduct of human subject research at the University
of South Florida and your continued commitment to human research protections. If you have
any questions regarding this matter, please call 813-974-5638.
Sincerely,

John Schinka, Ph.D., Chairperson
USF Institutional Review Board
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10/20/2016
Bryon Miller
ABA-Applied Behavior Analysis
15501 Bruce B. Downs Blvd
Tampa, FL 33647
RE:
Expedited Approval for Continuing Review
IRB#: CR2_Pro00017580
Title: U i g C
a a i e Feedback I c ea e Chi d e

Ph ica Ac i i

Study Approval Period: 10/19/2016 to 10/19/2017
Dear Mr. Miller:
On 10/19/2016, the Institutional Review Board (IRB) reviewed and APPROVED the above
application and all documents contained within including those outlined below.
Approved Item(s):
Protocol Document(s):
Protocol_2
Consent/Assent Document(s)*:
Parental Permission_2.pdf
Teacher Informed Consent_2.pdf
Written Child Assent_2.pdf
*Please use only the official IRB stamped informed consent/assent document(s) found under the
"Attachments" tab on the main study's workspace. Please note, these consent/assent document(s)
are only valid during the approval period indicated at the top of the form(s) and replace the
previously approved versions.
The late submission of this continuing review was not serious and not continuing. No further
action is required.
The IRB determined that your study qualified for expedited review based on federal expedited
category number(s):
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(4) Collection of data through noninvasive procedures (not involving general anesthesia or
sedation) routinely employed in clinical practice, excluding procedures involving x-rays or
microwaves. Where medical devices are employed, they must be cleared/approved for
marketing.
(6) Collection of data from voice, video, digital, or image recordings made for research purposes.
(7) Research on individual or group characteristics or behavior (including, but not limited to,
research on perception, cognition, motivation, identity, language, communication, cultural
beliefs or practices, and social behavior) or research employing survey, interview, oral history,
focus group, program evaluation, human factors evaluation, or quality assurance methodologies.
This study involving child participants falls under the minimal risk category 45 CFR 46.404:
Research not involving greater than minimal risk.
As the principal investigator of this study, it is your responsibility to conduct this study in
accordance with USF HRPP policies and procedures and as approved by the USF IRB. Any
changes to the approved research must be submitted to the IRB for review and approval by an
amendment. Additionally, all unanticipated problems must be reported to the USF IRB within
five (5) calendar days.
We appreciate your dedication to the ethical conduct of human subject research at the University
of South Florida and your continued commitment to human research protections. If you have
any questions regarding this matter, please call 813-974-5638.
Sincerely,

John Schinka, Ph.D., Chairperson
USF Institutional Review Board
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10/19/2017
Bryon Miller
ABA-Applied Behavior Analysis
Tampa, FL 33647
RE:
Expedited Approval for Continuing Review
IRB#: CR3_Pro00017580
Title: U i g C
a a i e Feedback I c ea e Chi d e

Ph ica Ac i i

Study Approval Period: 10/19/2017 to 10/19/2018
Dear Mr. Miller:
On 10/19/2017, the Institutional Review Board (IRB) reviewed and APPROVED the above
application and all documents contained within including those outlined below.
Approved Item(s):
Protocol Document(s):
Protocol_2
Consent/Assent Document(s)*:
Parental Permission_2.pdf
Teacher Informed Consent_2.pdf
Written Child Assent_2.pdf
*Please use only the official IRB stamped informed consent/assent document(s) found under the
"Attachments" tab on the main study's workspace. Please note, these consent/assent document(s)
are valid until they are amended and approved.
This study involving child participants falls under the minimal risk category 45 CFR 46.404:
Research not involving greater than minimal risk.
The IRB determined that your study qualified for expedited review based on federal expedited
category number(s):
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(4) Collection of data through noninvasive procedures (not involving general anesthesia or
sedation) routinely employed in clinical practice, excluding procedures involving x-rays or
microwaves. Where medical devices are employed, they must be cleared/approved for
marketing.
(6) Collection of data from voice, video, digital, or image recordings made for research purposes.
(7) Research on individual or group characteristics or behavior (including, but not limited to,
research on perception, cognition, motivation, identity, language, communication, cultural
beliefs or practices, and social behavior) or research employing survey, interview, oral history,
focus group, program evaluation, human factors evaluation, or quality assurance methodologies.
As the principal investigator of this study, it is your responsibility to conduct this study in
accordance with USF HRPP policies and procedures and as approved by the USF IRB. Any
changes to the approved research must be submitted to the IRB for review and approval by an
amendment. Additionally, all unanticipated problems must be reported to the USF IRB within
five (5) calendar days.
We appreciate your dedication to the ethical conduct of human subject research at the University
of South Florida and your continued commitment to human research protections. If you have
any questions regarding this matter, please call 813-974-5638.
Sincerely,

Kristen Salomon, Ph.D., Vice Chairperson
USF Institutional Review Board

96

97

98

99

100

101

102

